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Abstract
Single crystal of YCoGa5 has been grown via Ga self-flux. In this paper,
we report the single crystal growth, crystallographic parameters, resistivity,
heat capacity, and band structure results of YCoGa5. YCoGa5 accommo-
dates the HoCoGa5 type structure (space group P4/mmm (No. 123), Z =
1, a = 4.2131(6) A˚, c = 6.7929(13) A˚, which is isostructural to the exten-
sively studied heavy fermion superconductor system CeMIn5 (M = Co, Rh,
Ir) and the unconventional superconductor PuCoGa5 with Tc = 18.5 K. No
superconductivity is observed down to 1.75 K. Band structure calculation re-
sults show that its band at the Fermi level is mainly composed of Co-3d and
Ga-4p electrons states, which explains its similarity of physical properties to
YbCoGa5 and LuCoGa5.
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1. Introduction
New materials may stimulate extensive research, and could clarify or
bring forth important questions about the underlying physics. For example,
CeCoIn5, the heavy fermion superconductor with the highest superconduct-
ing transition temperature (Tc) of 2.3 K, was discovered by Petrovic et al.
in 2001. It became the most extensively studied heavy fermion system dur-
ing the past decade.[1] Later in 2002, Sarrao et al. reported the discovery
of 5f superconductor PuCoGa5 with Tc =18.5 K.[2] These two compounds
strongly support the unconventional superconductivity mediated by magnetic
fluctuations.[3] Both of them belong to the ternary HoCoGa5-type tetrago-
nal structure (space group P4/mmm), which can be regarded as alternative
stacking of HoGa3-CoGa2-HoGa3 layers sequentially along the c-axis. This
leads to rather unique and quasi two dimensional electronic states. Due to the
heavy fermion superconductor CeMIn5 (M is Co, Rh, Ir) materials and the
wide family of LnTX5 andAnTX5 (here, Ln is the rare earth atoms, An is the
actinide, T is transition metal, X is In or Ga),[4, 5, 6, 7, 8] the HoCoGa5 type
structure have attracted attention both from physics and chemistry fields. So
far, only Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu and Y can form HoCoGa5 type
strucutre.[8] The single crystals for Tb-Tm were grown by Hudis et al, show-
ing metallic behavior with Kondo antiferromagnetism.[6] The single crystal
for Yb(4f146S2)CoGa5 and Lu(4f
145d16S2)CoGa5 were grown by Okudzeto
et al. [9] and Matsuda et al.[10], respectively. Although Yb usually shows
valence fluctuations, spin fluctuations and quantum critical behavior in many
Yb-based intermetallic compound,[11, 12, 13, 14, 15, 16, 17] YbCoGa5 shows
typical simple metallic behavior similar to LuCoGa5.[9, 10] Thus, Yttrium
without f electrons may provide a good reference to study structure-property
relations in 115 Ga compounds. So far, we have noticed that YCoGa5 has
no report on single crystal or detailed physical properties in our knowledge,
except for the structure report.[8].
In addition, 13 phase compound CeIn3 (space group Pm3m, a = 4.689 A˚)
has also attracted some attentions due to its tunable superconductivity and
antiferromagnetism under pressure.[18] The iso-structural ScGa3 and LuGa3
are both type I superconductors.[19] Unfortunately, YGa3 does not exist.
Thus, it is interesting to search for the superconductivity in the YCoGa5,
since its structure is composed of YGa3-CoGa2-YGa3 layers. In this paper, we
report single crystal growth, crystallographic parameters, physical properties
and electronic structure of YCoGa5.
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2. Material and methods
Single Crystal Growth. The single crystal of YCoGa5 was grown via
gallium self-flux method. Yttrium shot (Alfa Aesar, 99.9%), Cobalt powder
(Aladin, 99.9%), and Gallium shot (99.995%) in 1:1:30 mol ratio were put in
an 2 mL aluminum crucible, and sealed in an evacuated quartz tube. The
tube was heated to 1100 ◦C, and dwelled for 6 h, then cooled down to 400 ◦C
in a 2 K/h rate. At this temperature, crystals were separated from the flux
using a centrifuge. Single crystal with shiny face can be found with the size
of 5 × 5 × 3 mm3, which is shown in Fig. 2. In order to remove the Ga flux
on the surface, the sample was put in boiling water for about 30 minutes,
and then the etching in dilute HCl for several hours.
Figure 1: The photograph of as-grown YCoGa5 single crystal.
Single X-ray Diffraction and Elemental Analysis. Crystal frag-
ments with dimensions of about 0.1 × 0.1 × 0.1 mm3 were mechanically
cut from the crystal and selected for the single crystal X-ray experiments of
YCoGa5. The crystal was glued on the tip of a quartz fiber and mounted on
a Nonius Kappa CCD diffractometer outfitted with a Mo Kappa radiation (λ
) = 0.71073 A˚). Data collection was taken at 296 K. The crystal structure of
YCoGa5 was solved using SHELXS97 and refined using SHELXL97.[20] The
crystallographic parameters are listed in Table 1. After refinement the data
were corrected for extinction effects and the displacement parameters were
refined as anisotropic. A list of atomic positions, Wyckoff symmetry, and
anisotropic displacement parameters are shown in Table 1. The composition
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of the single crystal was determined by energy dispersive X-ray spectrum
(EDS) on Hitachi TM3000 Tabletop Microscope system. The average ele-
mental ratio is Yb/Co/Ga ∼ 1.1:1:4.93.
Transport Properties. Electrical transport measurement was carried
out on a Linear Research AC bridge and a Quantum Design Magnetism
Property Measurement System, with the current applied in the ab-plane of
the sample. Data were collected over a temperature range of 1.75 - 300
K. Temperature dependent resistivity measurement was performed using a
four-probe configuration. Gold wires were attached to a polished bar-shaped
sample with the electrical contacts made by silver epoxy. Heat capacity
measurement was carried out on a Quantum Design Physical Property Mea-
surement System PPMS-16.
Band Calculations. The electronic strucutre of YCoGa5 were calcu-
lated by first principles within density functional theory (DFT). The calcu-
lations were performed by means of the projected augmented-wave (PAW)[21,
22] formalism implemented in the ABINIT code.[23, 24, 25] The exchange-
correlation functions are treated by using the generalized gradient approxima-
tion (GGA) according to the Perdew-Burke-Ernzerhof (PBE)[26] parametriza-
tion. The basis set of valence electronic states was taken to be 4s24p64d15s2
for Y, 3s23p63d74s2 for Co, and 3s23p63d104s24p1 for Ga, respectively. Elec-
tronic wave functions are expanded with plane waves up to an energy cutoff
(Ecut) of 1400 eV. Brillouin zone sampling is performed on a Monkhorst-Pack
(MP) mesh[27] of 16× 16× 12. The self-consistent calculations were consid-
ered to be converged when the total energy of the system was stable within
10−6 eV per atom.
3. Results and Discussions
3.1. Crystal Structure
As shown in Fig. 2(a), the crystal structure of YCoGa5 is composed of
alternative YGa3 cuboctahedra layers and CoGa2 rectangular prisms layers
stacking along c-axis. Figure 2 (b), (c), (d) and (e) shows (0kl), (h0l), (hk0)
and (hk3) reciprocal planes from the single crystal X-ray diffraction patterns
at T = 296 K, respectively. Obviously, the well-defined patterns indicate
that the single crystal is of high quality. The crystallographic and atom
parameters for YCoGa5 obtained from Rietveld Refinement are listed in Tab.
1. The lattice parameters are consistent with the previous report. All the
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parameters for YCoGa5 are very close to those for YbCoGa5 and LuCoGa5.[9,
10]
Figure 2: (a) The crystal structure of YCoGa5. (b), (c), (d), (e) shows (0kl), (h0l), (hk0),
(hk3) reciprocal planes from the single crystal X-ray diffraction pattern at T = 296 K,
respectively.
3.2. Transport Properties
Figure 3(a) shows the temperature dependence of in-plane resistivity (ρab)
for YCoGa5. Obviously, it shows a typical metallic behavior, with a small
residual resistivity (ρ0) of 0.14 µΩ cm. The obtained residual resistivity ratio
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Table 1: Crystallographic parameters for YCoGa5.
Parameters YCoGa5
S.G. P4/mmm(123)
a 4.2131(6) A˚
c 6.7929(14) A˚
c/a 1.612
V( A˚3) 120.58(3)
Z 1
dimensions (mm) 0.1×0.1×0.1
Density 6.837 g cm−3
Temperature 296 K
θ range 3-27.4◦
collected reflections 114
h -3 ≤ h ≤ 3
k -5 ≤ k ≤ 5
l -8 ≤ l ≤ 8
∆ρmax (e A˚
−3) 2.70
∆ρmin (e A˚
−3) -1.54
aR1[F
2 > 2σ(F2)] 0.035
bRw 0.109
a R1 =
∑
||Fo| − |Fc||/
∑
|F0|.
b Rw = [
∑
[w(F 2o − F
2
c )2]/
∑
[w(F 2o )
2]]1/2;
w = 1/[σ2(F 2o ) + (0.065P )
2 + 0.5173P ]; P
= (F 2o + 2F
2
c )/3.
(RRR) is ∼ 62, indicating the high quality of the single crystal. These values
are comparable with those of YbCoGa5 and LuCoGa5.[9, 10] As shown in
Fig. 3(b), the linear relationship of ρ(T )-T 3 can be observed, rather than
ρ(T )-T 5 for usual electron-phonon scattering. This demonstrates that the
s− d electron scattering is the major scattering mechanism in YCoGa5. As
shown in Fig. 3(a), ρab − T curve can be fitted with the Bloch-Gru¨neisen
formula with n ∼ 3
ρ(T ) = ρ0 + 2Aac(
T
ΘR
)n−1T
∫ ΘR
T
0
xn
(ex − 1)(1− e−x)
dx (1)
in the whole range, where ΘR is the Debye temperature obtained from the
resistivity measurements, Aac is the temperature dependent coefficient. The
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Table 2: The fractional coordinates and thermal parameters for YbCoGa5. Here, Ueq is
defined as 1/3 of the trace of the orthogonalized Uij tensor.
atom Wyckoff x y z Ueq
Y 1a 0 0 0 0.0011(7)
Co 1b 0 0 1/2 0.0029(7)
Ga1 1c 1/2 1/2 0 0.0112(7)
Ga2 4i 0 1/2 0.3107(2) 0.0118(6)
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Figure 3: (a) The temperature dependence of in-plane resistivity (ρab, circle) and its fitting
results (solid line) for YCoGa5. (b) The ρab versus T
3 at low temperature for YCoGa5.
The solid line serves as a guide of eye.
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Figure 4: The T 2 dependence of specific heat (C) divided by T for YCoGa5. The solid
line shows the fitting results.
fitting gives Aac = 0.061223 µΩ cm K
−1, and ΘR = 338 K. This type of ρ−T
relation has been observed in LuIn3,[28] and LuGa3.[19]
Figure 4 depicts the T 2 dependence of specific heat(C) divided by T for
YCoGa5. The data can be well fitted by the formula C = γT + βT
3 + δT 5,
where γT is the electron contribution, βT 3 is the phonon contribution, and
δT 5 is the anharmonic contribution. The obtained results from the fitting
gives γ = 6.64 ± 0.11 mJ mol−1 K−2, β = 0.202 ± 0.012 mJ mol−1 K−4,
and δ = 1.4 ± 0.3 mJ mol−1 K−6. ΘD = 407 ± 8K is estimated from the
ΘD =
3
√
12pi4NR/5β, where N is the number of atoms per molecule.
All the lattice and physical parameters for single crystal YCoGa5, YbCoGa5,
LuCoGa5 and PuCoGa5 are listed in Tab. 3. The lattice parameters and the
c/a ratios are very close to each other, as well as the physical parameters
except PuCoGa5. Therefore, it is worthwhile to figure out the physics origin
of the similarity between YCoGa5, YbCoGa5 and LuCoGa5. Band struc-
ture calculation will provide good opportunity to understand their physical
properties.
3.3. Band Calculations
The theoretically optimized lattice parameters of YCoGa5 are established
to be a = 4.227 A˚ and c = 6.805 A˚, which are very close to the experimental
values. The band dispersion is shown in the supporting information. The
calculated total and projected density of states (DOS) are shown in Fig. 5.
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Table 3: The lattice and physical parameters for single crystal YCoGa5, YbCoGa5,
LuCoGa5 and PuCoGa5.
YCoGa5 YbCoGa5 LuCoGa5 PuCoGa5
a(A˚) 4.2131(6) 4.190(1) 4.184(3) 4.232
c(A˚) 6.7929(14) 6.727(3) 6.718(7) 6.786
c/a 1.6122(6) 1.605(6) 1.606(3) 1.603
ρ0(µΩ cm) 0.14 0.13 0.31 ∼ 35
RRR 62 150 52 ∼ 7
γ (mJ mol−1 K−2) 6.64 11.2 ∼ 6 77
ΘD(K) 408 420
a 344a
Referece This work Ref[9] Ref[10] Ref[2]
a The ΘD obtained in Ref[9] and Ref[10] are both calculated using formula
ΘD =
3
√
12pi4R/5β. Here shows the corrected values.
The DOS in the region from -10 eV to -4 eV mainly consist of Ga-4s states,
which are far from the Fermi level EF . There are two peaks below EF due
to Co-3d states that strongly hybridize with Ga-4p states between -4 eV
and 3 eV in valence and conduction bands. Due to the hybridization, the
bandwidth of Co-3d states becomes wide and results in an itinerant metallic
behavior for YCoGa5. As shown in Fig. 5, the DOS at Fermi level N(EF )
mainly consist of Co-3d and Ga-4p states, while Y-4d state palys a minor
role; and the calculated value of N(EF ) is 1.86 states/eV. In addition, the
EF nearly locates at a local minimum in the total DOS, suggesting a higher
structure stability of YCoGa5, since it signifies a barrier for electrons below
EF to move into unoccupied empty states.
As is shown in Tab. 3, YCoGa5, YbCoGa5 and LuCoGa5 have similar lat-
tice parameters. All of them show normal metallic behavior with small resid-
ual resistivity, non-magnetism, and non-superconductivity. For LuCoGa5,
the DOS at Fermi level N(EF ) mainly consist of Co-3d and Ga-4p states,
jus as the same as YCoGa5.[10] This strongly suggests that Yb should be
divalent in YbCoGa5 (f electrons are below the fermi level), which explains
the non-heavy-fermion and non-valence fluctuation in YbCoGa5. Generally,
the DOS at Fermi level N(EF ) mainly consisting of Co-3d and Ga-4p states
is the origin of the similarity between YCoGa5, YbCoGa5 and LuCoGa5. In
contrast, Pu 5f electrons play an important role in PuCoGa5, which confirms
that the f-electrons and its magnetism is related to the superconductivity in
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Figure 5: The calculated total and projected density of states (DOS) of YCoGa5, where
the partial density of states of Y-4d, and Co-3d are also shown as filled color.
PuCoGa5.
4. Conclusions
High quality single crystals of YCoGa5 were obtained from the Ga self-
flux method. The lattice parameters, fractional coordinates, and thermal
parameters of YCoGa5 were determined from single-crystal X-ray diffraction
measurements. The electrical resistivity and specific heat were measured, in-
dicating that YCoGa5 is a metal with similar physical properties to YbCoGa5
and LuCoGa5. The band structure calculation results demonstrate that its
Fermi level mainly consist of Co-3d and Ga-4p states, which is as same as
YbCoGa5 and LuCoGa5.
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6. Supplementary data
Crystallographic information file for YCoGa5.
Figure: Band dispersions in YCoGa5 along high-symmetry directions.
The three bands cross Fermi level are shown in color lines.
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